The bound and scattering states of the many-body systems, related to the short-range Dyson model, are studied. The Hamiltonian for the full-line problem is connected to decoupled oscillators. The analytically obtainable eigenstates are smaller in number as compared to the Calogero-Sutherland family, indicating the quasiexactly solvable nature of these models. The exactly found scattering states, a smaller set as compared to the Calogero case, can be realized as coherent states. The relation of the scattering Hamiltonian to free particles is also established algebraically. We analyze both A N−1 and BC N models on a circle and construct a part of the excitation spectrum by making use of the symmetry arguments.
I. INTRODUCTION
Exactly solvable and quantum integrable many-body systems, with long-range interactions, are one of the most active fields of current research. The Calogero-Sutherland model ͑CSM͒, 1-3 the Sutherland model ͑SM͒ 4 and their variants are the most prominent examples among such systems. 5 These models have found application in various branches of physics, 6-10 ranging from quantum Hall effect 11-13 to gauge theories. It is known that, the CSM is related to random matrix theory 2, 6, [14] [15] [16] [17] and enables one to capture the universal aspects of various physical phenomena. 6 The Brownian motion model of Dyson connects the random matrix theory ͑RMT͒ with exactly solvable models. 15 The role of RMT in the description of the level statistics of chaotic systems is well-known. 18, 19 Although CSM is exactly solvable, the fact that the strength of the pairwise inverse square interaction is independent of distance between the particles, makes it somewhat unrealistic. It is then natural to look for models, where the inverse square interaction is short ranged, which may happen in a physical situation where screening is present.
A few years back, a short-range Dyson model was introduced to understand the spectral statistics of systems, which are "nonuniversal with a universal trend." 20 It is known that, there are dynamical systems which are neither chaotic nor integrable, the so-called pseudointegrable systems, which exhibit the above mentioned level statistics. 21 Aharanov-Bohm billiards, 22 three-dimensional Anderson model at the metalinsulator transition point 23 and some polygonal billiards 24 fit into the above description. Quite recently, a new class of one dimensional, many-body quantum mechanical models on the line, with nearest and next-to-nearest neighbor interactions, have been introduced, 25, 26 which are related to the shortrange Dyson model. As we will see the short range nature of the interaction changes the nature of the Hilbert space drastically. Unlike the Calogero model which is exactly solvable, the present one is quasiexactly solvable. Using the symmetrized version of this model, it has been shown earlier that, there exists an off-diagonal long-range order in the system which indicates the presence of different quantum phases. 27 An important property of this model is that, it possesses a good thermodynamic limit, i.e., lim N→ϱ E 0 N is finite. The abovementioned interacting model and its generalizations can also be defined on a circle, analogous to the Sutherland model and can show chaotic behavior in the classical domain.
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The CSM and SM are well studied quantum mechanical systems. Many of their properties like quantum integrability, [29] [30] [31] equivalence to non-interacting systems, 31-33 algebraic construction of eigenfunctions, 29, [34] [35] [36] etc., have been established rigorously. The above mentioned models, with nearest and next-to-nearest neighbor interactions, being of recent origin, need to be analyzed throughly, in order to unravel their properties, as has been done for the CSM, SM and their generalizations. The present paper is devoted to an investigation of these models and deal with both the bound and scattering problems. It is organized as follows: In Sec. II, we show the connection of the model on the line with the decoupled oscillators, which yields some wave functions explicitly. Our analysis reveals that the degeneracy of this model is less as compared to the CSM and this model is of quasiexactly solvable nature. In Sec. III, we proceed to the scattering problem and show that the scattering states, which form a subset of the Calogero case, can be realized as a coherent state. We also explicate the scattering Hamiltonian's relation with free particles. In Sec. IV, we analyze the nearest and next-to-nearest neighbor A N−1 and BC N models on a circle, and obtain a part of the excitation spectrum by making use of symmetry arguments.
II. BOUND STATE PROBLEM ON A LINE
The Hamiltonian for the model 25 is, ͑ប = m = =1͒, 
